Abstract Fusarium solani is responsible for leaf yellowing and root and collar rot across a broad range of orchid species.
The Fusarium solani species complex is known to contain species and strains responsible for leaf yellowing and root and collar rot across a range of orchid genera, including Phalaenopsis and Cymbidium (Benyon et al. 1996; Burnett 1986) . A novel forma specialis, 'phalaenopsis', was recently described in Taiwan where it is the predominant pathogen of glasshouse-grown Phalaenopsis orchids (Chung et al. 2011; Wan Gyu et al. 2002) . Although Fusarium solani f. sp. phalaenopsis has not been identified in Australia, a study in 1996 reported F. solani as the causal agent of root necrosis of Cymbidium in NSW, Australia (Benyon et al. 1996) . In the description of F. solani f. sp. phalaenopsis, the authors reported cross pathogenicity with Cymbidium orchids (Chung et al. 2011) . We aimed to determine if the F. solani isolates recovered from Cymbidium and other orchid genera in Australia are genetically similar to F. solani f.sp. phalaenopsis sensu Chung et al. (2011) . This study was undertaken to assist the Australian Government to review import conditions for Phalaenopsis species from Taiwan; an important component of the international orchid flower trade.
Eight Australian F. solani strains, stored at the Royal Botanic Gardens Trust Culture Collection, Sydney, were selected from the Benyon et al. (1996) study (Table 1) for phylogenetic comparison with the DNA sequences of the F. solani f.sp. phalaenopsis isolates from Chung et al. (2011) based on the internal transcribed spacer (ITS) and β-tubulin (benA) regions. Genomic DNA was extracted from 5 days old mycelium grown on potato dextrose (PDA) agar using the FastDNA® Kit (Q-biogene Inc., Irvine, California, USA) according to the manufacturer's instructions. The ITS region was amplified using the primers ITS1 and ITS4 with conditions described in White et al. (1990) . The benA region was amplified using conditions described in White et al. (1990) with the primers FSB2 (5′atccactcgacgaagtaggac3′) and Futubulin3 (5′cgagcccggtaccatggacg3′) provided by Chung (pers. comm.) . Concordance of the two loci was assessed with the partition-homogeneity test implemented in PAUP 4.0b10 (Swofford 2002) . Unweighted Parsimony, Neighbour-Joining and Bayesian Likelihood analyses were performed on the individual and combined ITS and benA data sets. Parsimony analysis was conducted in PAUP 4.0b10 (Swofford 2002) using the heuristic search option with 1000 random addition sequences and tree bisection reconnection branch swapping. Gaps were treated as missing data. The Consistency Index (CI) and Retention Index (RI) were calculated to indicate the amount of homoplasy present. Clade stability was assessed in PAUP 4.0b10 using 1000 heuristic search bootstrap replications with random sequence addition (MPBS). Bayesian inference was used to generate posterior probabilities (PP) for consensus nodes using MRBAYES (Version 2.0.3) plug-in (Huelsenbeck 2001) in the software Geneious (Version 5.3.6) (Drummond AJ et al. 2011) . The Monte Carlo Markov Chain was run with 1,000,000 generations using the appropriate substitution evolution model determined by jModelTest (Posada 2008) . The combined data set was partitioned to reflect the most appropriate nucleotide substitution model for each of the single locus data sets for the Bayesian analysis of the combined data set. Trees were visualised and edited using FigTree v1.4 (Rambaut 2013) .
Results of the partition-homogeneity test (P = 1) confirmed that the ITS and benA gene trees reflect the same underlying phylogeny and the two data sets were combined for phylogenetic analysis. No major topological variations were detected between trees derived from Neighbour-Joining, Parsimony and Bayesian phylogenetic inferences for both the individual and combined data sets (results not shown). The combined ITS and benA data set consisted of 1271 nucleotides, of which 167 were parsimony-informative characters. The parsimony analysis resulted in one single most parsimonious tree (CI = 0.95 RI = 0.97) (Fig. 1) . The Australian isolates separated into two well supported lineages, with three isolates (RBG1801, RBG1802 and RBG1806) forming a separate sister lineage to F. solani f.sp. phalaenopsis. Five isolates were identical to F. solani f.sp. phalaenopsis sensu Chung et al.
(2011) for both loci (RBG2011, RBG2012, RBG2013, RBG2023, RBG2024). This clade was well supported by both MPBS and Bayesian PP, suggesting that the isolates of F. solani recovered from Cymbidum, Cattleya and Laelia orchid species grown in Australia belong to the forma specialis 'phalaenopsis'. This is the first identification of F. solani f.sp. phalaenopsis in Australia.
